The Sanitation Safety Planning methodology is implemented within a cooperation project in Iringa, Tanzania. The study presents the methodology and its adaptation and use for the given context, in order to assess risks and to support stakeholders in improving the current sanitation system and validate the design of an improved one. First results of the application of the methodology, obtained in one of the four peri-urban wards of Iringa, demonstrated its efficacy and utility in prioritising risks and identifying cost-effective control measures. Risks were assessed by the use of a semiquantitative approach, and a simplified risk assessment matrix was developed for the case study.
INTRODUCTION
The importance of wastewater and fecal sludge management and reuse is increasing as well as the evidence of the relation between an appropriate sanitation and the protection of public health (Mara et al. ) . Despite the evidence of the problem and international efforts, progresses to improve the situation are slow particularly in developing countries, due to many factors including lack of expertise, limited budget and poor political will (Cairn- implementation of the SSP methodology, an additional objective of the paper is to present a simplified methodology for risk assessment in data poor environments. To prove its applicability, the new risk assessment methodology is compared with the original matrix proposed in the WHO manual.
METHODS

Use of the SSP methodology
This study is based on the methodology described in the WHO SSP Manual (WHO ) and was carried out by authors at research level. In Iringa, the assembling of an SSP team is still under progress and has not been accom- Risks related to each step of the sanitation chain in S0 were assessed using a semi-quantitative approach. Existing control measures were not considered during the scoring of risks; they were evaluated in a second stage and additional controls were identified for events characterised by high risks.
Improved sanitation system
The CLUES approach was applied within the project according to guidelines by Lüthi et al. () , in order to design a new improved sanitation system (hereafter named S1) for peri-urban wards. The approach allowed the identification of preferred and implementable technologies and systems through a participatory process involving beneficiaries and other stakeholders.
Additional control measures as emerged from the SSP approach applied to S0, if not already present, were included in the design of the improved system S1. The SSP methodology was applied to S1. The risk assessment for S1 was evaluated using the simplified matrix. Control measures were hypothesised to be in place and operational.
Risk assessment
Hazards for S0 were first assessed by means of the matrix of Likelihood (L i ) and Severity (S) as suggested in Module 3 of the SSP manual (WHO ), where L i assumes scores from 1 (very unlikely) to 5 (almost certain), while S from 1 (insignificant) to 16 (catastrophic).
Due to the complexity of sanitation systems, a simplified matrix has been developed to streamline the risk evaluation procedure, and to facilitate the work of the SSP team. Table 1 illustrates the simplified matrix used in this work, with severity and likelihood definitions elaborated for the current case study. L i assumes scores from 1 (unlikely) to 3 (almost certain), whilst S from 1 (minor) to 6 (major).
Risks are categorised as low (L), medium (M), high (H) or very high (VH). A high level of risk (H) is associated to
hazardous events with a total score (L i • S) greater than 5.
The same risks for S0 were re-assessed by the use of the simplified matrix to compare its sensitivity with the one suggested by WHO. Control measures obtained scores ranging from 4 (high priority) to 1 (low priority). Potential, TE and Acceptability criteria assume a value of 1 (low), 2 (medium) or 4 (high), whilst Costs criterion assumes scores from 1 (high) to 4 (low). The sensitivity analysis was performed comparing control measures scores obtained varying the weight (w) of selected criteria, by the formula: 
Prioritisation of control measures
Priority score ¼ (P Ã w P ) þ (TE Ã w TE ) þ (A Ã w A ) þ (C Ã w C )
RESULTS AND DISCUSSION
Implementation of the SSP methodology
The description of the current sanitation system S0 and the proposed improved system S1, system boundaries and identified exposure groups for the ward of Kitwiru are reported in Figure 1 . In Kitwiru, 59% of households have traditional pit latrines, 45% of which are unimproved facilities. Nineteen percent of households declared to fill and cover the pit once it is full, 51 and 16% use a mechanised or manual service respectively, whilst the rest clean it themselves. The Iringa Urban Water Supply and Sanitation Authority offers a mechanised emptying service and transport to the WWTP. The manual emptying is carried out by informal workers and fecal sludge is often disposed of on fields or in the environment without treatment.
The improved sanitation system S1 foresees the use of ventilated improved pits, twin pits pour flush toilets, septic tanks, or fossa alterna. The emptying and transport would be operated manually or mechanically, whilst sludge would be disposed of at a decentralised co-composting plant to produce compost for agriculture, or at the WWTP.
The stabilised humic material obtained in the fossa alterna could be used as a soil amendment (Tilley et al. ) . Table 2 shows the risk assessment applied to the current situation S0 and hazardous events characterised by a high score related to the sanitation chain step mechanised emptying, selected as an example. Complete results are shown in Table S1 (Supplementary material, available with the online version of this paper). A total of 17 risks out of the 103 identified obtained a high or VH level score. High risks occurred in each step of the sanitation chain and concerned all exposure groups, principally vulnerable people, workers dealing with manual emptying, farmers reusing untreated fecal sludge and consumers of raw products.
The assessment of existing control measures has emerged as a challenging aspect of the SSP methodology.
A sanitation system at the ward scale involves a broad number of stakeholders, in particular users and local community members. Some of the control measures imply personal behaviour and habits, such as washing hands, wearing shoes, the preparation of food, etc. It has been shown that the assessment of risks is easier for systems where the process can be better monitored (e.g. if a composting site is considered ( Jackson & Vuong )). On the ward level, the assessment of each step and control measure is much more difficult. Therefore, combined with the lack of site-specific and reliable data on hygienic behaviour, the evaluation of the existence of control measures and their effectiveness in reducing risks could be misrepresentative. As a result, risks were assessed without considering control measures in place. Existing controls for each hazard were listed, evaluated and discussed afterwards. On the basis of these considerations, additional actions were suggested for those risks obtaining high scores.
Improved sanitation system
A total of 38 control measures were identified and included in the design of S1. When the SSP methodology was applied to S1, hazards and hazardous events resulted in risks with a low or medium score, showing that adequate measures can effectively control the risks and verifying the efficacy of the designed system in addressing high level risks.
The improved system S1 is based on a multi-barrier approach focused on additional control measures suggested for risks reduction in S0:
• strengthen awareness campaigns for improving hygiene behaviour;
• specific trainings of emptiers, aimed at increasing awareness and improving practices in using appropriate PPE and tools;
• improved latrine design and faecal sludge management technologies;
• enforcement of law and regulations in the sanitation sector.
Risk assessment
Risk levels related to S0 assessed using the matrix suggested by the SSP Manual (WHO ) were compared to those obtained using the simplified matrix (Table 3) .
Scores showed a good match when using the simplified matrix: of the 103 risks assessed for S0, the 83% of risk levels could be verified using the simplified matrix. Some risks, with low L i and moderate S, gained low instead of medium level of risk using the simplified matrix. For SSP objectives of this research, focused on identifying and controlling high risks, this change was not considered significant. Also, some risks having low L i and highest S Scores of the risk assessment are referred to the matrix suggested by the WHO SSP manual (WHO 2015) . 
Prioritisation of control measures
Results of the sensitivity analysis on control options identified for high level risks showed that controls are sensitive to the modification of weight assigned to criteria (Table 4) .
Sixty-three percent of control measures change the priority according to the variation of weights. Cost is the criterion that influences the prioritisation of control measures more than others. For the case study, it was chosen to assign a higher weight to Potential and Costs criteria in order to encourage the adoption of less capital intensive solutions in the short term; the Acceptance criterion was given a low value in consideration of the importance of awareness increasing expressed by local community members and authorities, convinced of its efficacy. The results of the assessment with the weights proposed for the case study are shown in column w(S0) in Table 4 .
Differently from the case study of Parque Huàscar, Peru (PAHO ), the Costs criterion was added for calculating the priority of interventions, as well as weights being attributed to each parameter. This shows the importance in the given context of including the cost as a criterion for supporting the identification of cost-effective interventions. 
